Citrus greening, also known as huanglongbing, is a destructive citrus disease ravaging citrus farms globally. This disease causes asymmetrical yellow leaf mottling, vein yellowing, defoliation, root decay, and ultimately, the death of the citrus plant. When infected, the citrus plants have stunted growth and produce flowers out of season. These flowers rarely yield fruit, and those that do yield small, bitter, irregularly shaped citrus fruit that are not desirable. This disease is spread by the Asian citrus psyllid, Diaphorina citri, and by the grafting of infected citrus tissue. The pathogen has a long and variable incubation period within the citrus plant-sometimes years, before symptoms appear. Attempts to culture this pathogen in vitro have been unsuccessful, possibly due to the low and uneven concentration of the pathogen within infected citrus tissue, or because it is difficult to replicate the environmental conditions conducive to growth of the pathogen. It is very difficult to identify the disease before it has spread, due to its long incubation period and researchers' inability to culture the pathogen. As a result, the disease only becomes apparent after suddenly destroying a citrus farmer's entire yield. Presented here is a method for the accurate and specific detection of the citrus greening pathogen, Candidatus liberibacter spp. using a genomic DNA extraction kit and PCR. This method is simple, efficient, cost effective, and adaptable for quantitative analysis. This method can be adapted for use on any citrus tissue; however, it is potentially limited by the amount of pathogen present in the tissue. Nevertheless, this method will allow citrus farmers to identify infected citrus plants earlier, and curb the spread of this destructive disease before it can further spread.
Introduction
Citrus greening, also known as huanglongbing, has caused a significant loss of citrus trees. One representative case is Florida, where the disease is forecasted to cause a 70% reduction in the production of Florida orange boxes from 244 million boxes in the 1997 -1998 season to 70 million boxes as of the 2016 -2017 season 1 . Over 90% of citrus trees in Florida are infected 2 , and it is estimated that the Florida citrus industry loses about one billion dollars each year due to citrus diseases, wherein citrus greening plays a major role 3 . Citrus greening is spread primarily by the invasive Asian citrus psyllid Diaphorina citri, but can also be spread by grafting of infected tissue. The disease causes yellowing of veins, asymmetrical yellow leaf mottling, premature defoliation, twig dieback, root decay, and death of the plant. Importantly, the disease causes the citrus plant to produce flowers out of season, which rarely produce fruit. The fruit that is produced by infected citrus plants are immature, green, and bitter tasting 4 .
The purpose of this method is to accurately and precisely identify the motile bacterium Candidatus liberibacter spp., the causative agent of citrus greening, living within the phloem of infected citrus trees 5 . Genomic DNA is extracted from whole leaf tissue, which contains the live bacteria. This extracted genomic DNA is used as a template for conventional PCR, where oligonucleotides complementary to the bacterium's 16S rDNA sequence are used to amplify this sequence. Oligonucleotides complementary to a citrus FBOX gene are used as an internal amplification control. We chose to use this method, because it has been proven to be successful in previous research 6 . This method has the clear advantage of being simple, relatively inexpensive, and able to be performed in any normally equipped biochemistry lab. In addition, PCR remains the most accurate and precise method for detecting this pathogen, due to the difficulty of culturing this pathogen 7 , and the pathogen's ability to survive and reproduce for years within an asymptomatic host 8 . Many different specialty PCR assays have been used to successfully detect this pathogen; however, conventional PCR remains the simplest assay for accurate and specific detection, especially within asymptomatic hosts 1. Obtain citrus leaf tissue by cutting a whole fresh leaf from a citrus tree using clean scissors, and place the leaf in a clean plastic sandwich bag. NOTE: The bag containing the leaf tissue should be placed in a 4 °C refrigerator or on ice in an insulated container as soon as possible after collection to avoid spoilage. 2. Add a small amount of liquid nitrogen to chill a mortar and pestle. While they are chilling, use scissors to cut out a small piece of leaf tissue, approximately 1 square inch in size. Place the cut tissue in the mortar to instantly freeze it. Add more liquid nitrogen, if needed. NOTE: Insulated gloves should always be worn while handling liquid nitrogen. 3. Quickly grind the plant tissue into a fine powder using the mortar. Continue grinding until the liquid nitrogen completely evaporates, and a fine green powder remains. 4. Briefly chill a metal spatula in liquid nitrogen for 10 -15 s, then scoop the ground tissue inside the mortar into a 1.5 mL microcentrifuge tube, using the spatula. 5. Add 600 µL of Nuclei Lysis Solution (see Table of Materials) using a 1000 µL pipette and vortex the sample for 1 -3 s, then incubate in a 65°C
water bath for 15 min. 6. Add 3 µL of RNase Solution to the lysate using a 10µL pipette, invert the tube 2 -5 times to mix it, and incubate at 37 °C in a cabinet incubator for 15 min. NOTE: Allow the mixture to cool to room temperature before proceeding. 7. Add 200 µL of Protein Precipitation Solution, vortex at high speed for 20 s, then centrifuge for 3 min at 13,000 x g to form a firm pellet. While the sample is being centrifuged, add 600 µL of room temperature isopropanol to a fresh 1.5 mL microcentrifuge tube. 8. Using a 1000 µL pipette, carefully remove the supernatant from the centrifuged sample, transferring it to the fresh 1.5 mL microcentrifuge tube containing isopropanol. The pellet may now be discarded. NOTE: Avoid contaminating the supernatant with protein by leaving a miniscule amount of supernatant above the pellet. 9. Invert the tube until the DNA becomes visible as a mass of thread-like strands, then centrifuge at 13,000 x g for 1 min at room temperature. 10. Decant the supernatant, add 600 µL of 70% ethanol to the pellet, invert the tube several times to wash the DNA, and centrifuge at 13,000 x g for 1 min. 11. Carefully aspirate the ethanol, leaving the loose DNA pellet, then open and invert the tube, resting on absorbent paper. Air dry at room temperature for 15 min. 12. Add 100 µL of DNA Rehydration Solution to the dried DNA pellet, then incubate the DNA in a 65 °C water bath for 1 h, while mixing periodically by tapping the tube. 13. Place 1 µL of purified water on a microcuvette, and insert it into a spectrophotometer to be used as a blank. Calculate the concentration of DNA present by placing 1 µL of sample on the microcuvette, and inserting into the spectrophotometer. DNA concentration (ng/µL) can be calculated as (A 260 -A 320 ) × dilution factor × 50 ng/µL. NOTE: The protocol can be paused here. The sample can be stored at 4 °C.
Perform PCR on Genomic DNA Samples
1. Combine 10 µL 2x PCR Master Mix (see Table of Materials), 1 µL forward primer (10 pM/µL), 1 µL reverse primer (10 pM/µL) (see Table 2 for primer sequences), 100 ng of genomic DNA extracted from the sample, and purified water (up to 20 µL final volume) in a 50 µL PCR tube, flick to mix, and briefly centrifuge. 2. Insert the PCR tube into the thermocycler and run accordingly (See Table 1) .
NOTE: The protocol can be paused here. If necessary, store sample at 4 °C after the reaction is complete.
Electrophorese the Amplified DNA in an Agarose Gel
. The internal amplification control band must also appear at 400 bp. This band corresponds to amplification of the citrus FBOX gene 10 , and must appear for a result to be considered valid (Figure 1 and Figure  2) . Lack of both 500 bp and 700 bp bands while a 400 bp band is present represents a negative result. Performing PCR on healthy samples may yield some non-specific banding patterns around 700 bp and 400 bp; however, only a single bold band corresponding to these molecular weights indicates a positive result (Figure 1) Table 1 ). LAA2/LAJ5, LAS606/LSS, and FBOX refer to the primer sets used (See Table 2 ). Please click here to view a larger version of this figure. 
Discussion
It is critical that all steps are followed exactly to achieve optimum experimental conditions. Whole leaf tissue was used during this demonstration; however, the protocol can be modified to theoretically include any type of plant tissue. Previously, researchers have extracted genomic DNA from leaf vein tissue, rather than whole leaf tissue, and achieved similar results
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. If the band corresponding to the citrus FBOX gene fails to appear, the result is invalid, and there may be one or more of several technical errors in the operating procedure. Common errors include: using contaminated or improperly sterilized water, micropipette tips, or microcentrifuge tubes; failing to add one or more components necessary in the PCR mix or during genomic DNA extraction; failing to maintain the proper thermocycler conditions; using reagents or other ingredients that are past their expiration date; failing to add ethidium bromide or another DNA stain to the agarose gel; electrophoresing the amplified DNA at too high a voltage or for too long; and using old or improperly mixed TAE buffer, or simply using water instead of TAE buffer to fill the gel box.
Primers LAA2_F and LAJ5_R were chosen from previous research due to their success at identifying Candidatus Liberibacter asiaticum and africanum. These primers amplify ribosomal subunit genes rplA and rplJ, yielding an amplified 669 bp fragment from C. l. africanum or a 703 bp fragment from C. l. asiaticum 9 . Primers LSS_F and LSS_R were chosen for this assay from previous research due to their established low false negative rate, accuracy, and specificity for C. l. asiaticum. The LSS primer set amplifies a 500 bp sequence in all three 16S rDNA genes present in C. l. asiaticum 6 . The FBOX primers were constructed for use as an internal amplification control and amplify a 400 bp sequence found in citrus plants. Previous research shows that FBOX is stably expressed in citrus plants, and would make a great candidate for use as a reference gene when adapting this assay for RT-qPCR 10 . This assay can be adapted to be used for any type of citrus tissue, and can be modified for use with additional PCR-based assays, such as RTqPCR. The limitations of this assay are few, and most are inherent to conventional PCR. These limiting factors include: the presence of ethanol or other inhibitory chemicals in the PCR mixture, the lack of quantitation without performing a more advanced assay, the need for a thermocycler in smaller labs, and the presence of DNA contamination.
While the specificity of this assay has not been directly compared to the more specific RT-qPCR methods, this assay is useful for scientists performing research on Candidatus liberibacter, and farmers seeking to diagnose potentially infected citrus trees in their fields, especially if more specific methods are not available or cost-effective. Indeed, it is conceivable that a single citrus grower or researcher could quickly and cheaply assay several hundred samples in a few days, by using multichannel pipettes combined with several 96-well plates, without purchasing an expensive RT-qPCR thermocycler.
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